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0 Support apparatus. 

0 A support for an object of appreciable weight (eg 
for a CRT display) comprises a mount 10 which. In 
use is located at a reference height A crank 20 
extends from this mount. A boom 12 is pivotally 
mounted on the mount and extends therefrom to and 
canries means (not shown) for attaching the intended 
object which Is to be tocated at an adjustable height 
with respect to the reference height. A lift lever 26 
and a gas stmt 30 are canied wholly by the boom. A 
lift nxl 36 is mounted between a position on the 
crank remote from the mount/boom axis 18 and the 
lift lever, the latter being pwotalJy mounted in the 
Ntjoom. The lift rod and the gas strut are connected to 
^the lift lever. The gas strut engages the boom and 
0 counteracts the effects of gravity on the loaded 
O support The lift lever Is arranged to rotate about an 
"'axis 28 which Is substantially orthogonal to the 
^mount/boom axis m6 is fixed relative to the boom. 
^Alternatively, or in addition, the lift rod and the gas 
stoit are arranged to be connected to the lift lever 
Owrth the start at a greater separation from ttie lever's 
pivot than the rod. In addition to the lift mechanism 
UJthe support can also incorporate a parallel motion 
and a tilt mechanism. 
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SUPPORT APPARATUS 



The present invention relates to a support for 
locating ^ object (or objects) of appreciable 
weight at an adjustable height 

There are a number of applications in which it 
is desirable to locate an object of appreciable 
weight at any height within a gWen range and to 
have it remain in position using a passive mecha- 
nism without the need for locldng mechanisms 
which bear a substantial portion of that weight One 
such application is the mounting of visual display 
units such as cathode ray tube (CRT) displays. For 
ergonomic reasons it is desirable to provide such 
displays with means for adjusting the height at 
which the screen is located so as to accommodate 
various users, lighting conditions, worlcstation .lay- 
outs etc. Other such appHcations in an office envi- 
ronment would be the supporting of a drawing 
board, or of a complete workstation with keyboard 
and display. 

If the weight of the object is negligible, the 
general stiffriess of the mechanism will be sufficient 
to locate if not to present attitude, but. even with 
an apparently light Item such as a CRT. the weight 
involved can typically be within the range of 8 Kg 
to 30 1^ for a singfe display. 

A prior art support for a CRT display described 
in DE - B - 2847135 comprises a base mount a 
boom pivotaJly mounted at its lower end to the 
base member, and means for attaching the display 
at the other end of the boom. In order to counteract 
the weight of the display, a torsion spring is pro- 
vided at the lower pivot point of the lift boom to 
bias it towards its raised position. In view of the 
high Gfling forces needed, it is necessary to use 
relatively large and bulky torsion springs in the 
support Also, due to the characteristic of a spring, 
there is a tendency for too high a Bfling force to be 
pro^^ed at the lower positions of the boom and an 
insufficient lifting force to be provided at upper 
boom positions. 

It is also known to use one or more gas struts 
to provide the required Gfting force. Typically, in 
prior RfUng apparatus, the gas struts have provided 
a direct Bfting force. 

In one type of anrangement the gas struts have 
been mounted vertically and the display Is moved 
up and down on the struts. This vertical anrange- 
ment has the major disadvantage that a tow posi- 
tioning of the screen can only be achieved if the 
Gfting mechanisms is mounted externally to the 
display. wKch Increases the desk space or foot- 
print needed, or if ,it penetrates the display itself, 
which makes for a more complicated design. 



A second type of arrangement using gas stmts 
can be compared to a support which uses torsion 
springs such as that shown in the aforementioned 
DE -B-2847153. In the anangements of this second 

5 type, a gas strut has been directly connected be- 
tween the base mount and the boom In such a way 
as to bias the boom Into Its raised position. The 
use of a boom does provide a greater range of 
available heights compared to the vertical motion 

70 arrangement but because of the direct actioa both 
types of arrangement require the use of powerful 
and bulky gas struts, which result in relatively bulky 
supports. Prior gas strut arrangements also suffer 
from the problem of providing the conect amount 

IS of lift throughout the fon range of lift heights. 

These prior anrangements all suffer from the 
disadvantage of requiring powerful biasing means 
which means that the assembly and/or repair of the 
apparatus is potentially hazardous and that the 

20 supports are commensurately bulky and expensive. 
In addition, even in the lowest position the equip- 
ment is still at a substantial distance above the 
diesk. 

In UK -A-2 021 085. a countert)alancing 

25 mechanism for X-ray tubeheads is disclosed. The 
mechanism comprises a hollow casing which is 
pivotally mounted to a trunnion at one end and to a 
triangular bracket at the other end. the triangular 
bracket also forms means for attaching the tube 

30 head. A bar is pivotany mounted to the trunnion 
and to the triangular bracket as well. In order to 
provide a countertjalandng force, a gas strut is 
connected between a position in the housing and 
the triangular bracket This arrangement is. how- 

35 ever, relatively bulky because the triangular brack- 
et rather than the casing, supports the tube head 
and, in addition, forms a lever in a lever mecha- 
nism, which results in a vertical dispoa'tion of the 
bar and stmt being necessary. 

40 A stnjcture for supporting medicinal or data 
processing apparatus at an adjustable height below 
a ceiling is described in DE -A-3416823. The sup- 
port comprises a ceiling mount an arm pivotally 
connected to the ceifing mount and means pivotally 

45 connected to the arm for attaching the apparatus to 
be supported. TTie arm is provided with a gas stnit 
operating through a connecting mechanism for 
counterijalancing the force of gravity. The connect- 
ing mechanism comprises two parallelogram guid- 

50 ances. each including a rod linked by a common 
guide element to which the gas stmt is also con- 
nected. The guide element rotates about an axis 
which is fixed with respect to the arm and is 
parallel to the axes of rotation of the mount arm 
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and arm/attaching means pivots. This results In a 
vertical disposition of the gas strut and at least one 
rod 50 that, the resulting stnjcture is relatively 
bulky. 

The object of the present invention is to pro- 
vide a support for locating an object or objects of 
appreciable weight at an adjustable height which 
support is compact, and allows a large range of 
vertical movement such that the object n^ay be 
located close to, or distant from a reference height 
or at any intennediate height 

This object is met and the disadvantages of the 
prior art are overcome by the support in accor- 
dance with the present invention. This support 
comprises a mount which, in use, is located at a 
reference height A crank extends from this mount 
A boom is ptvotally mounted on the mount and 
extends therefrom to and carries means for attach* 
ing the object which is to be located at an adjust- 
able height with respect to the reference height. A 
lift mechanism comprises a lift lever and a gas 
strut which are carried wholly by the boom. The lift 
mechanism also comprises a lift rod which is 
mounted between the lift lever and a position on 
the crank remote from the mount/boom, the latter 
being pivotally mounted in the boom about a lift 
lever/boom axis fixed relative to the boom. The lift 
rod and the gas strut are pivotally connected to the 
lift lever. The gas strut engages the boom and 
counteracts the effects of gravity when the support 
is loaded with the intended object 

In accordance with a first aspect of the inven- 
tion, the axis of rotation of the lift lever (ie the lift 
lever/boom axis) is arranged to be substantially 
orthogonal to the mount/boom axis. This enables 
the lift mechanism to be arranged more compactly 
within a substantially flat boom with the lift lever 
and lift rod In a side-by-slde as opposed to a 
vertical relative disposition. When the boom Is hori- 
zontal, the lift mechanism therefore lies substan- 
tially within a horizontal plane. It is thus possible to 
achieve a compact design in which the whole lifting 
mechanism is contained out of sight within the 
boom. Also, a large range of vertical adjustment 
can be achieved with the object being supported 
very close to or distant from the reference height 
or at any intermediate height. 

In accordance with a second aspect of the 
invention, the lift to6 and the gas strut are con- 
nected to the lift lever with the strut at a greater 
separation from the lift lever/boom axis than the 
rod. This arrangement provides a mechanical ad- 
vantage which allows the use of a relatively small 
and inexpensive gas strut which in turn allows for a 
more compact design of the support than would 
otherwise be possible, which in turn allows for a 
design permitting a great range of vertical positions 
to be obtained. 



By careful choice of the positions at which the 
gas stmt is connected to the boom and to the lever 
and the positions at which the lift rod Is connected 
to tile base crank, it Is possible to make optimum 

5 use of the gas strut characteristics so as to provide 
tiie correct lifting' force needed over the full range 
of vertical positions. It is also possible, witi) a 
single basic design, to accommodate objects hav- 
ing a wide range of weights and weight distribu- 

10 tions. Rexibility is possible because of the Inter- 
changeabirity of gas struts having different pres- 
sures and can be enhanced by providing a plurality 
of optional connecting positions for the gas strut 
and the lift rod. 

T5 The support can be provided with a platfonn 
for mounting the object on tiie boom and with a 
parallel motion linkage so that ti^e platform remains 
at its original orientation during movement of the 
boom. This parallel linkage is preferably provided 

20 with a tilt mechanism to allow the platiorm to be 
set at a desired angle with respect to the base 
mount This angle is maintained constant during 
movement of tiie boom by tiie parallel Dnkage. 
The present Invention will be further described 

25 hereinafter witti reference to the accompanying 
drawings in which: 

Figure 1 is a general side view of an em- 
bodiment of tile invention for supporting a CRT 
display; 

30 Rgure 2 is an isometric view of part of tf)e 

. support of Rgure 1 including details of tiie basic 
lifting mechanism: 

Rgures 3a and 3b, 4a. 4b. 4c and 4d, 5a 
and 5b, 6a, 6b and 6c are used to explain the 
35 operation of the lifting mechanism of Rgure 2; 

Rgure 7 Is a plan view of a combined lifting 
and parallel motion mechanism for use in tiie sup- 
port of Rgure i ; 

Rgure 8 Is a side view of the support of 
40 Rgure 1 indicating in general terms how the 
mechanism of Rgure 7 can be accommodated 
within tiie boom; 

Rgure 9 is a plan view of a tilt mechanism 
for use in tiie support of Rgure 1: 
45 Rgure 10 is a side view of tiie support of 

Rgure 1 Indicating in general terms how the 
mechanism of Rgure 7 and that of Rgure 9 can be 
accommodated in the boom and in ttie platform 
respectively; 

50 Rgures 11a. lib and 11c are used to ex- 

plain the operation of tiie tilt mechanism of Rgure 
9: 

Rgure 12 is a plan view of a combined lift 
parallel motion and tilt mechanism for use in tiie 
55 support of Rgure 1 : and 
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Figure 13 is a side view of the support of 
Rgure 1 incfcating in generaJ terms how the 
mec^ianism of figure 12 can be accommodated 
within the boom. 

RguTB 1 shows a general view of apparatus for 
supporting a CRT display device which is con- 
structed in accordance with the present invenHoa 

The supporting apparatus comprises a mount, 
or base 10. a boom 12 and a platform 14. A CRT 
display 100 is attached to the platfomi. 

As can be seen in Rgure 2, the boom is 
generally box-shaped in cross-section, and is wider 
than ft is tall. The boom is fonmed at its lower end 
with two downward faring lugs 15, one at each side 
of the lower end of the lift boom, ft Is by means of 
these lugs 15, which pass through slots 18 in the 
base, that the boom is hinged to the mount at)out 
an axis 18 which is approximately horizontal in use. 
Conveniently, as will be apparent to the skilled 
person, the lugs 15 are placed wide apart along the 
axis 18 in order to enhance the torsional stability of 
the boom. The mount is formed with two upward 
facing lugs, forming a crank 20. which pass through 
a sbt 22 in the lower surface of the boom. 

Contained within the casing 13 of the boom is 
a Trft mechanism comprising a lift lever 26, a lift 
gas strut 30 and a rm ro6 36. One end of the fift 
lever 26 is pivotafly mounted In the boom to rotate 
about an axis 28 at a fixed location in the boom. 
The axis 28 is substantially orthogonal to the 
mount/boom axis 18. This means that the lift 
mechanism can be contained in a compact manner 
within the boom, with ttie Oft lever, lift rod and gas 
strut lying substantially within a plane which is 
parallel to, and rotates about the mount/boom axis. 
The Rft levenft)oom axis is perpendicular to this 
plane. The gas strut 30 is pivotally connected to a 
point 32 at the other end of the lift lever 26 and is 
pivotally connected to position 34 in the lift boom. 
The lift rod 36 Is pivotally connected at one end to 
the crank 20. at a position 38 displaced from the 
mount/tsoom axis 18. and Is pivotafly connected at 
the other end to a point 40 on the lever 26 inter- 
mediate the pivot 28 and the connecting point 32 
tor the gas strut 30. A cover (not shown) for tiie 
casing of the boom is provided so that the lift 
mechanism Is concealed within the boom and to 
increase the rigidity and torsional stability of the 
boom. The cables {not shown) for the CRT display 
can be carried within the tX)om casing. 

Figures 3a and 3b are useful in explaining the 
operation of the lift mechanism. 

In a first position of the boom, at an angle 0 to 
the horizontal, the distance between the point 38 at 
which the lift rod 36 is conr>ecied to the crank 20 
and a predetermined posilion 42 in the tx)om, say 
the end of the boom, is X In a second position of 
the boom, at an angle 0 + A0 to the horizontal. 



after a rotation AO about the mount/boom axis 18. 
the distance between the point 38 and the pre- 
determined position 42 has increased to X + AX. 
Cleariy, H no biasing force Is provided to coun- 
5 teract the weight of the display (not shown), moun- 
ted at the other end of the boom, the boom will 
tend to rotate In a clockwise direcOon (as seen In 
Rgures 3a and 3b) about the hinge 18. The gas 
stmt 30. nft lever 26 and Oft rod 36 exert a biasing 
TO force F between the pcrfnl 38 and the position 34 at 
which the gas strut is mounted in the boom, to 
tend to cause the boom to rotate in a counter- 
clockwise direction {as seen in Rgures 3a and 3b) 
about the hinge 18. The use of an anmgement of 
« gas strut. Hft lever and Oft rod allows for the biasing 
force exerted to counter-balance the weight of the 
display over the complete range of operating 
h^gtrts as explained below. 

The relative distances of the connecting points 
20 32 and 40 of the gas stnjt 30 and the lift rod 36 
from the pivot 28 on the fift lever 26 mean that a 
less powerful gas strut can be used than would be 
possible if a gas strut were to provide the Dffing 
force directly. Thus the mechanical advantage of 
25 the primary linkage comprising the lift lever 26 
allows a relatively small and connpact gas strut to 
be used, while the mechanical disadvantage of the 
boom nevertheless allows for a wide range of 
heights to be selected for the display. 
30 The advantages of uang gas struts rather than 
springs are manifold. Compared to springs, gas 
struts can be supplied with a wider range of output 
forces for a given diameter or barrel size. The 
range of "rates" (ratio of forces in the compressed. 
35 over the extended conditions - thus a gas strut 
"rated" at 15 and lOON would exert 100N when 
fully extended and 150N when fully compressed) 
.which are obtainable in a given diameter or barrel 
size is also better than that for springs. Also damp- 
40 ing (controlled extension speed) can be provided 
using gas struts by incorporating a simple valve 
and/or oil in the ban^l. 

The present invention allows these advantages 
to be exploited. 
45 TTie point at which the gas strut is connected 
to the lift lever can be used to adapt the "rate" of 
the gas strut to the requirements of a particular 
arrangement For example, if a gas strut 30 rated at 
1.3 is operative over a 100 mm stroke S as shown 
50 in Rgure 4a. one can talk of a "system-rate" of 1 .3. 
If. however, the particular display sfel-up only re- 
quires a "system rate" of 1,15. the gas strut can be 
connected to the lift lever 26 at a position 32' 
where it used only 50 mm of its stroke S2 as 
55 shown in Rgure 4b. With this in mind the Dfi lever 
could be provided with a plurality of optional con- 
necting points 32. 32'. 32" for the gas strut 
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By changing the position at which the gas start 
Is connected to the lever, and consequently chang- 
ing the working ratio of the lever mechanism, it is 
possible to support a range of displays having 
different weights with a single gas stait. Instead of 
providing a plurality of locations at fixed positions 
for connection of the gas strut as shown in Figures 
4a and 4b. it would also be possible to provide a 
continuously variable connection arrangement. 

Rgures 4c and 4d show such an arrangement 
where the upper 26a and lower 26b surfaces of the 
lift fever 26 are formed with slots 27a and 27b. A 
pin 32 is mounted in the slots on a screw 33 such 
that on turning the screw the pin is moved along 
the slots. The screw is rotatably mounted at one 
end in a bearing 29. in order to con-ectly locate the 
pin in the slots, ar)d to connect the gas strut 
thereto, the gas strut is fonned with a double fork 
31. 

The system performance can also be changed 
by the selection of the start and finish angles a • 
(Fig. 5a) of the gas strut 30 relative to the lift lever 
26 as it rotates about the pivot point 28. The 
optimum driving force transmission is obtained 
when the gas strut is perpendicular to the lift lever 
Oe a = 0"). As o increases the effective driving 
force decreases, as this is given by F cos o; where 
F Is the driving force of the gas strut at any 
particular extension. Thus it can be seen that the 
effective driving force can be maximised at a par- 
ticular portion of the gas strut's stroke by arranging 
for the gas strut to be perpendicular to the lift lever 
at that portion of the stroke and the performance ol 
the strut can be 'tuned' to system requirements. In 
view of this a plurality of optional connecting posi- 
tions 34. 34', 34'. ... could be provided in the boom 
(see Figure 5b) for the end of the gas strut not 
connected to the lift lever. 

The system can also be tuned by the selection 
of the angle 0 t>etween the axis of the lift rod 36 
and an imaginary fine 42 joining the mount/boom 
axis 18 to the position 38 at which the lift rod is 
connected to the crank 20 (see Rg. 6a). If Y is the 
distance from the lift rod axis to the mounM)oom 
axis 18. then the effective pulling distance of the lift 
rod. when the boom 12 is rotated with respect to 
the base 10 about the mount/boom axis 18. is Y sin 
fi (see Fig. 6b). The maximum effect is therefore 
obtained when fi = 90\ ie when the lift rod is 
perpendicular to the aforementioned imaginary line 
43 as in Fig. 6a. 8y choosing the relative positions 
of the mounfboom axis 18 and the connecting 
point of the lift rod 36 to the crank 20. it is possible 
to further tune the system. To this end a plurality of 
optional connection positions 38. 38'. 38*. ... for the 
nft rod 36 could be provided on the crank (see Fig. 
6c). 
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Thus the lever an-angement of the support in 
accordance witii the present invention provides 
more opportunities than conventional arrangements 
to optimise the lifting force over the complete 
5 range of operating heights. 

As the angle of tiie boom to the horizontal 
changes in operation as the display Is lifted, It is 
desirable that a mechanism is pro ided for main- 
taining the display at a desired *newing angle. 
10 Figures 7 and 8 show a simple arrangement for 
providing this feature. The boom is provided at its 
upper end witii two upward facing lugs 44 which 
pass through slots (not shown) in the display plat- 
form 14. The platform could be generally plate-fike, 

f 5 but could altematively have a shape adapted to suit 
particular displays to be mounted thereon. Indeed, 
the platform could be formed integrally with the 
display housing. If the display is separate from tiie 
platform, the skilled person will be aware that suit- 
so able securing means should be provided to fix the 
display on the platform when in use. it is by means 
of tiiese jugs 44 tiiat the platform is hinged to the 
lift boom about a boom/platform axis 46 which is 
parallel to tiie mount/boom a^ds 18. It is ihe boom 

25 tiierefore tiiat carries tiie platform. The skilled per- 
son will realise that the stability of ttie structure is 
enhanced by placing the lugs 46 as wide apart as 
possible along the axis 48. The platfonm is also 
formed witii downward facing lugs 48 for providing 

30 a platform crank 48 which pass through a hole (not 
shown) in the upper surface of the boom. As shown 
in Figure 7. tiie lift lever 26 of Figure 2 Is modified 
to provide an extension beyond ttie pivot point 28. 
A parallel motion linkage in the form of a parallel 

35 motion rod 52 is connected between a pivotal con- 
nection point 54 on ttie extended lift lever 26' and 
a pivotal connection at a position 56 on tiie plat- 
fomi crank 48. The locations of the point 54 and 
the position 56 are so chosen to maintain tiie 

40 platform, and consequentiy the display, at a con- 
stant orientation to the horizontal. If, for example, 
tiie distance between the connecting position 38 of 
tiie lift rod to ttie base lugs and the mount/boom 
axis 18. and ttie distance between the connecting 

45 position 56 of the parallel motion rod to tiie plat- 
form crank and tiie boom/platform axis 46 are so 
chosen to be equal, at any particular angle of tiie 
boom, ttien ttie connecting points 40 and 54 should 
be equidistant from, but on opposite sides of ttie 

50 pivot point 28. \A^tii a combined lift and parallel 
motion mechanism ttie lift force required from ttie 
lift gas stnjt is unaffected by changing ttie position 
of ttie centre of gravity of ttie display. Figure 8 
illustrates how ttie lift and parallel motion mecha- 

55 nisms are contained wittiin ttie boom witti ttie com- 
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bined mechanism lyfng substantially within a plana 
which Is paraJIel to, and rotates about the 
mount/boom axis. As can be seen, the axis lift 
leven/boom axis is perpendicular to this plane. 

It is also desirable to provide a tilt mechanism s 
for the display so that the viewing angle can be 
changed in-espective of the boom incnnation. This 
could be done by providing a mechanism which is 
completely independent of the Bft and parallel mo- 
tion mechanism. However, tfie tilt mechanism can to 
also be combined witii the lift and parallel motion 
mechanism as Illustrated hereinafter with reference 
to two alternative arrangements. 

in one of those arrangements, shown in Fig- 
ures 9 and 10, the till mechanism Is housed in tiie is 
platform U. In this arrangement the platfonn lugs 
48 (Rgures 7 and 8) are replaced by an idler arm 
58 which Is pivotally mounted to rotate atwut the 
boonvplatform axis 48. In practice tiie Idler arm 58 
remains more or less vertical white the angles of 20 
tiie boom and the platform change. The parallel 
motion rod 52 (cf. Figure 7) is pivotally connected 
to the fower end of tiie idler ami at a position 60 
displaced from tiie boom/platform axis 46. A tilt rod 
62 is pivotally connected to ttie other end of the 2s 
idler arm at a position 64. tiie connecting positions 
60 and 64 relative to tiie boom/jplatfomi axis being 
chosen such ttiat tiie platform maintains ttie ori- 
entation set, as the boom angle changes. 

The tilt mechanism, which comprises tiie tilt 30 
rod 62, a tilt lever 66 mounted about an axis 70 
and a tilt gas start 68, operates in essentially tiie 
same way as tiie corresponding lift mechanism 
comprising tiie lift rod 36, frfl lever 26 and tfie gas 
stnrt 30; For example ttie axis 70 is at a fixed 35 
location wftfiin tfie platform and Is substantially 
ortfiogonal to tiie boom/platfonn axis 46. The op- 
eration of tfie tilt mechanism will tfierefore not be 
described in furtiier detail. A brief explanation of 
tiie forces produced when a display is tilted Is, 4o 
however, gwen betow wHh reference to Rgures 
11a, lib and lla 

Rgures 11a and lib show a display at 0* and 
20' tilt respectively. This is a typical requirement 
of display users. If L is tfie horizontal distance at 0" 45 
tilt (Rgure 11a) of the display's centre of mass 
from tfie axis 46 about which tfie display pivots and 
L AL is tfie corresponding distance at 20' tilt 
(Rgure lib), tiien ttie turning moment » 

50 

M«L at 0* and 
M»(L + AL) at 20» 

(where M Is ttie mass of ttie display). 

The force dagram gradient shown in Rgure 55 
11c tfierefore has to be matched closely by tfie tilt 
nnkage mechanism frncludtng tfie tilt gas stnrt) 
ouft)ut forces. In order to achieve tills, the tilt 



linkage mechanism is set up bearing in mind the 
various aspects disctissed for* tiie lift mechanism 
with respect to Figures 3a to 6c. Thus tfie tilt 
mechanism could Include a plurafity of optional 
connecting points for tfie tilt rod and tiie tilt gas 
stfirt.on tiie idler arm, on ttie tilt lever and in ttie 
platform, as appropriate. AJtiiough ttie horizontal 
distance between tfie display's centre of mass and 
tfie axis 46, and accordingly tfie turning moment 
varies according to a cosine rule aL a R Cos 7 (R 
= distance from tfie axis to tfie centre of mass and 
7 « tfie angle of an imaginary line between tfie 
axis and tiie centre of mass to horizontal), ttie 
turning moment curve can be considered to be 
approximately finear where tfie total angle swept 
due to display adjustment does not exceed 25* 
and ttie angle y is wittiin tfie range 20' to 60 V 
Outside tills range special gas struts witfi high 
rates would be required. 

The otiier of tfie aforementioned arrangements 
comprising a Oft, a parallel motion and a tilt mecha- 
nism Is described witii reference to Rgures 12 and 
13. This an^ngement Is particularly compact as tfie 
lift, parallel motion and tilt mechanisms are all 
integrated in tfie boom. The combined mechanism 
Is located substantially in a plane which Is per- 
pendicular to and rotates about tfie mount/boom 
and boom/platfonn axes. It can be seen in Rgure 
12 that tfie mount/boom and boom/platibrm axes as 
well as tfie aforementioned plane are parallel to tfie 
plane of tfie paper. In Rgure 13 ttiese axes are 
perpendicular to tiie plane of tfie paper. The afore- 
mentioned plane extends generally between tiie 
rnount/boom and boom/platfonn axes (but does not 
pass tfirough tfiem) and perpendicular to tfie plane 
of ttie paper. The lift gas strut 30 is pivotally 
connected at one end to a predetermined position 
34' in tfie boom 12 and is pivotally connected at 
tiie otiier end to a point 32 on ttie fift lever 26*. The 
lift lever 26*. which is mounted about an axis 28 
fixed witii respect to boom 12, is phrotally con- 
nected to one end of ttie Oft rod 36. whose ottier 
end is connected at a position 38 to ttie base crahk 
20. It can be seen in Rgures 12 and 13 ttial tfie 
axis 28 is perpendicular to ttie aforementioned 
plane and ortfiogonal to ttie mountrtwom and 
boomplatform axes 18 and 46. In Rgure 12 tfie 
axis 28 is perpendicular to tiie plane of tiie paper, 
and In Rgure 13 it Hes in the plane of tfie paper 
along tfie dot-dash fine. The Bft lever 26' is also 
connected to a combined parallel Tinkage and tilt 
mechanism at ttie point 54, As discussed witti 
reference to Rgures 7 and 8. tfie relative positions 
of tfie of ttie connection points 54 and 40 with 
respea to ttie pivot point 28 of ttie Oft lever will be 
dependent on otfier relatea olmensions. 
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The parallel linkage and tilt mechanism com* 
prises a slider ptate 82 a tilt gas strut 68'. a tilt 
lever 66' which is provided with a hollow portion 96 
for the passage of the lift rod 36, and a tilt rod 62'. 
The tilt lever 66' is pivotally mounted at a fixed 5 
location 70' on the slider plate 82. Studs 76. which 
engage slots in the sfider plate, are provided in the 
boom for guiding the plate. 

The tilt gas strut 68' Is pivotally connected at 
one end to a predetermined point 72^ on the tilt w 
lever 66' and is further connected at the other end 
to a predetermined position on the slider plate 82, 
which in this specific arrangement is the position at 
which the lift lever is connected to the slider plate. 
The tilt rod 62' is connected between a predeter- 75 
mined pivotal connection point 74' on the tilt lever 
66' and a pivotal connection at a predetermined 
position 56 on the platform crank 48. The tilt rod 
passes through a holbw portion 94 of the lift lever 
26*. As can be seen in Rgures 12 and 13. the axes 20 
28 and 70' are parallel to each other. In this ar- 
rangement the platform 14 is the same as that 
shown in Rgure 8. A continuously variable mecha- 
nism such as tiiat shown in Rgures 4c and 4d can 
be pmvided for either or both of the lift lever and 25 
tiie tilt lever for adjusting the point at which the lift 
and tilt gas struts are connected to tiieir respective 
levers. 

The lift mechanism and tfie tilt mechanism are 
both balanced systems in their own right, and due 30 
to the inherent stiffness of tiie mechanisms they 
- operate Independentiy of one anotiier. 

To raise the display height tiie operator merely 
has to apply a slight upward force on the display to 
' "lighten tiie load" on the system and to temporarily 35 
take tiie lift mechanism out of balance. The effect 
of this is tiiat tiie lift gas strut 30 extends under its 
intemal pressure. The lift lever 26" is thereby al- 
lowed to rotate anti-clockwise (as seen in Fig. 12) 
about the pivot point 28 forcing ttie slide plate 82 40 
to the right as seen in that Figure. As tiie tilt 
mechanism is in balance with the display at its 
current tilt angle and as the tilt mechanism is 
mounted on the sfide plate 82, tiie tilt mechanism 
moves witii the sfider causing the tilt rod to act on 4$ 
tiie platform 14 to maintain the desired tilt angle (ie 
the tilt mechanism and tiie slide plate act togetiier 
as a parallel linkage). When the user releases the 
display fie when he ceases to exert an upward 
force) the display stays at the desired height be- so 
cause the lift system is once more balanced. To 
lower tiie display height tiie operator merely ap- 
plies a slight downward force on the display until 
the desired height is reached. 

If the user applies a force so as to tilt tiie 55 
display about the second axis 46. this changes the 
rotational force and takes tiie *tilt system" out of 
balance. The extension of tiie tilt gas strut changes 



accordingly. When the. user releases the display 
the tilt system is balanced in tiie new position. As 
this balancing of forces, takes place witiiin tiie tilt 
mechanism (tilt rod 62'. tilt tever 66' and tilt gas 
strut 68') on the slide plate, tiie slide plate 82 and 
the balanced lift mechanism do not move. 

In all of the described emt>odiments the 
mount/t)oom and boom/platform axes would nor- 
mally, in use. be substantially horizontal. 

Figure 12 also shows a locking mechanism for 
tiie lift, tilt and parallel motion mechanisms. This 
comprises a locking plate 78 which is connected to 
tiie tilt lever 66' at 84 and is formed witii a slot 86. 
The lift lever 26' is also provided witii an Integral 
slotted extension 92. Passing through tiie slots in 
tiie locking plate and tiie extension is a screw 88 
which is connected to a locking lever 90. On op- 
erating the locking lever 90 tiie screw urges the 
plate 76 and tiie slotted extension 92 against a 
locking collar 91 formed in the lift boom 12. As tiie 
lift and tilt mechanisms are balanced, only light 
forces are needed to lock tiie support apparatus in 
a desired position. 

Altiiough tiie present invention has been de- 
scribed with respect to variants of a specific em* 
bodiment. it will be understood tiiat further modi- 
fications and/or additions are possible witiiout de- 
parting from tiie claimed subject-matter. 

In tiie embodiment of Figures 12 and 13 for 
example, the slide-plate 82 could be replaced by a 
suitably shaped rod connecting tiie points 54 and 
70' and slidably mounted in tiie lift boom 12. 

The platform 14 could form an integral part of 
the display device's housing. 

The apparatus could additionally be provided 
with a swivel mechanism. This could, for example, 
take tiie form of a hjmtable which forms part of the 
base mount 10, or to which the mount is con- 
nected. Alternatively, or additionally, tiie base 
mount could be in tiie form of an edge clamp to 
furtiier reduce tiie footprint of tiie apparatus. 

instead of a base mount witii a boom and 
platform arrangement for supporting an object 
at)ove the base mount the support could comprise 
a mount which is for fixing to a wall or ceiling with 
the boom depending tiierefrom (1e a support which 
is essentially an inverted form of tiiat so far de- 
scribed). As in the embodiments particularly de* 
scribed, tiie lift mechanism wouki be so arranged 
to urge tiie boom into its raised position, altiiough 
in this alternative emt)odiment tiiat would be tiie 
near-horizontal position. The lifting force would be 
so adjusted to counteract tiie downward force of 
gravity acting on tiie object (eg a CRT display) 
attached to a platform at the lower end of tiie 
t)oom. which downward force would urge the boom 
towards the near-verticaJ position. To adapt tiie 
lever mechanisms particulariy described to provide 
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a force which urges the boom to a near horizontal 
position Is considered to be within the scope of the 
skilled person. This could be achieved, for exam- 
ple, by attaching the lift gas strut 30 and the Gft rod 
36 to the rrft lever 26 shown in Rgiire 2. at opposite 
sides rather than on the same ^de of the pivot 28, 
It should be understood that the present inven- 
tion, although particularly described with reference 
to a display device, is not limited to the supporting 
of such a device. 



Claims 

1- A support, intended in operation to locate an 
object of appreciable weight at an adjustable height 
relative to a reference height, the support including: 

a mount (10) to be located at tiie reference 
height and having a crank (20) extending there- 
from: 

a boom (12) pivotally mounted on said mount 
at>out a mount/boom axis and extending therefrom 
to, and carrying, means for attaching the intended 
object and 

a lift mechanism compri^ng: 

a liftjeyer (26;, a^; 261 and a Tift gas strut (30) 
cam'ed wholly by the boom; and 

a 6ft rod (36) mounted between tfie Oft lever and 
a position on the crank remote from this 
mounVboom axis. 

the lift lever being pivotally mounted about a lift 
lever/boom axis which Is substantially orttiogonal to 
tine mount/boom axis and is fixed relative to tiie 
boom, and ttie lift rod and ttie lift gas strut t>oth 
being connected to the Prft lever. 

tiie lift gas strut engaging the boom and 
counteracting tiie effects of gravity when tiie sup* 
port Is loaded wfth tiie intended object 

2. A support as claimed in daim 1 wherein the 
lift rod and ttie Prft gas strut are connected to tiie lift 
lever witti the sbut at a greater separation from the 
lift lever than the rod. 

3. A support intended in operation to locate an 
object of appreciable weight at an adjustable height 
relative to a reference height, tiie support including: 

a mount (10) b> be located at tfie reference 
height and having a crank (20) extending tiiere- 

from; 

a tsoom (12) pivotally mounted on said mount 



about a mount/boom axis and extending ttierefrom 
to, and canrying, means for attaching ttie Intended 
object: and 

5 a lift mechanism comprising: 

a Oft lever (26; 26': 26^ and a lift gas strut (30) 
carried wholly by the boom; arid 

70 a lift rod (36) mounted between the lift lever and 
a position on the crank remote from ttie 
mount/boom axis. 

tiie Gft lever being pfvotally mounted about a lift 
TS lever/boom axis fixed related relative to tiie boom, 
and tfie lift rod and tiie lift gas strut botii being 
connected to tiie lift lever but witti ttie strut at a 
greater separation from tiie fift lever/boom axis ttian 
tiie rod. 

the lift gas strut engaging the boom and 
counteracting the effects of gravity when the sup- 
port is loaded witti tiie Intended object 

4. A support as claimed in any one of the 
25 preceding claims wherein tiie lift mechanism lies 

substantial^ wKhin a plane which Is parallel to tiie 
mount/boom axis. 

5. A support as claimed in any one of tiie 
preceding claims wherein ttie attachment means 

50 comprise a platform (14) for mounting the intended 
ot^ect tiie platform being direcOy cam'ed by and 
pivotally mounted on tfie boom about a 
tjoom/platform axis, w^ich is substantially parallel 
to tiie mount/boom axis, and being connected to a 

3S pdrallel motion mechanism. 

6. A support as dawned in claim 5 wherein tiie 
parallel Tiotion mechanism comprises a piatfomi 
crank means (58; 48) and a parallel motion linkage 
(52) which is connected between a position on said"^ 

40 platform crank means remote from tiie 
boom/platfomi axis and a pivotal connection point 
(54) on tfie Oft lever (26'; Zer) tocated witfi respect 
to ttie lift lever/boom axis and witfi respect to tiie 
crank lengtiis so that the attitude of tiie plalfonn is 

45 substantially preserved as the boom moves. 

7. A support as claimed In daim 6 wherein ttie 
platfonn crank means comprises a fixed platfonn 
crank (48) which extends from ttie platform and 
wherein ttie parallel motion finkage indudes a tilt 

50 mechanism comprising: 

a sHde member (82) which is slidably mounted 
witfi respect to tfie boom: tiie Oft lever (26') being 
pivotally conneded to tiie slide member at tiie 
55 pivotal connection point (54): 

a tilt lever (66) and a tilt gas strut f68') earned 
wholly by tiie slide member and 
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a tilt rod (62') mounted between a position on 
the platform crank remote from the boonrVplatform 
axis and the tilt lever, the tilt lever being pivotally 
mounted about a tilt lever slide member axis fixed 
relative to the slide member, and the tilt rod and 
the tilt gas strut both being connected to the tilt 
lever, the tilt gas strut engaging the slide member 
and counteracting the turning moment caused by 
weight of the intended object when loaded on the 
piatform. 

8. A support as claimed in claim 7 wherein the 
tilt lever/slide member axis Is substantially parallel 
to the lift lever/boom axis. 

9. A support as claimed in daim 7 or claim 8 
wherein the lilt rod and the tilt gas start are con- 
nected to the tilt lever with the tilt gas strut at a 
greater separation from the tilt leveryslidd member 
axis than the tilt rod. 

10. A support as claimed in any one of claims 
7 to 9 wherein the parallel motion mechanism and 
the tilt mechanism also lie substantially v\nthin said 
plane which is parallel to the mount/boom axis. 

11. A support as claimed in any one of claims 
7 to 10 comprising a locking mechanism (78. 86. 
88. 90. 91, 92) for locking the support in use with 
the object located at an intended height and with 
an Intended inclination. 

12. A support as claimed in claim 11 wherein 
the locking mechanism comprises a locking plate 
(78) which is pivotally connected to the tilt lever 
and is formed with a slot (86), an integral slotted 
extension (92) to the lift lever (26^, a locking collar 
(91) wKch is formed in said lift boom, a clamp 
mechanism (88) which extends through the slots in 
the bcking plate and the slotted extension to the 
lift lever, and an actuator (90) which, on manual 
operation thereof, causes said clamp mechanism to 
clamp the locking plate and the extension to the lift 
lever to the locking collar. 

13. A support as claimed in claim 6 wherein 
the platform crank means comprises an idler crank 
arm (58) which is rotatably mounted about the 
boonvplatfomi axis and wherein the platform is 
provided with a platform tilt mechanism comprising: 

a platform tilt lever (65) and a piatfonm tilt gas 
strut (68) canied wholly by the platfomn; and 

a platform tilt rod (62) mounted between a 
position on the idler crank remote from the 
boom'platform axis and the platform tilt lever, the 
tilt lever being pivotally mounted about a platform 
tilt lever-platfonn axis (70) fixed relative to the 
platform, and the platform tilt rod and ttie platform 
tilt gas stmt both being connected b the platform 
tilt lever, the platform tilt gas stnil engaging the 



platform and counteracting the turning moment 
caused by the weight of tiie intended object when 
loaded on the platform. 

14. A support as claimed in claim 13 wherein 
5 the platfonn tilt lever/platfomn axis is substantially 

ortiiogonal to tiie boom/jjlatform axis and wherein 
tiie platform tilt mechanism lies substantially witiiin 
a plane which is parallel to \he boom/platform axis. 

15. A support as claimed in claim 13 or claim 
10 14 wherein the platfonm tilt rod and ttie platfonn tilt 

gas start are connected to tiie platform tilt lever 
with the platform tilt gas strut at a greater separa- 
tion from tiie platfomi tilt lever/platform axis ttian 
the platform tilt rod. 
75 16. A support as claimed in any one of tiie 
preceding claims wherein a plurafity of optional 
mounting points for one or more of tiie gas struts 
are provided on ttie elements witii which it or tiney 
co-operate. 

so 17. A support as claimed in any one of the 
preceding claims wherein the position at which a 
gas strut is connected to its co-operating lever is 
continuously adjustable along part of the lengti) of 
said lever. 

25 18. A support as claimed in any one of the 
preceding claims wherein a pluraRty of optional 
predetennined connecting positions (34. 34', 34', 
...) for said lift gas strut are provided in said lift 
boom. 

30 19. A support as claimed in any one of the 
preceding claims wherein the base crank com- 
prises a plurality of optional connecting positions 
(38. 38'. 38*. ...) displaced from ttie mount/boom 
axis for the lift rod and/or said platfomi crank 

35 means comprises a plurality of optional connecting 
positions displaced from the boom/platform axis for 
the tilt lever or platform tilt lever as appropriate. 

20. A support as claimed in any one of tiie 
preceding cl^ms wherein the intended object is a 

40 display device (100). 

21. A support as claimed in any one of the 
preceding claims in combination witii a display 
device. 

22. A support substantially as shown in the 
45 accompanying drawings. 
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